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Description 

[0001] The present invention relates to use of a compressible silicone composition, in particular use of a compressible 
silicone composition formable from a silicone gel-forming composition and hollow compressible filler for providing an 

$ electrically insulating seal. 

[0002] Silicones have, in general, many well known advantages overorganic polymers, for example high temperature 
resistance, low surface tension, high chemical resistance, low toxicity, high moisture resistance, high dielectric strength 
and high flame resistance. However, a disadvantage silicones have, in general, versus organic polymers is their high 
coefficient of thermal expansion. For example, when a silicone elastomer is used to fill a space of fixed volume, an 

10 increase in environmental temperature will result in the silicone elastomer causing undue mechanical stress on the 
surf ace(s) defining the space. It is known to fill silicone rubber compositions with hollow compressible microspheres 
to counteract effects caused by thermal expansion; when the silicone rubber expands within a space of fixed volume 
the microspheres compress under the force exerted thus reducing the stress on the surface(s) defining the space. For 
example, US Patent number 5,258,21 2 discloses a curable liquid silicone rubber-forming composition which comprises 

is. fine hollow microspheres and which has good vibration damping characterisics for use in packing for electronic com- 
ponents, and EP-A-0771842 discloses a silicone rubber composition for forming articles and sealing bodies, which 
composition comprises a cross-linkable silicone rubber-forming composition and hollow bodies of plastic. Such silicone 
compositions filled with hollow bodies can be from 20 to 40 times more compressible than the corresponding unfilled 
composition, and thus provide a silicone composition which has the aforementioned advantages of silicones as well 

20 as high compressibility lo counteract the effects of high thermal expansion. For brevity, compositions containing com- 
pressible hollow bodies will hereinafter be referred to as "compressible 11 compositions. 

[0003] However, the present inventors have found disadvantages in using compressible silicone rubber composi- 
tions. For example, if a cavity is required to be 100% filled with a compressible silicone composition (for example, 
where a gas-tight seal is required within the cavity or where the compressible silicone is acting as an electrical insulator 
2s within the cavity) over a wide temperature range, environmental temperature decrease will cause a compressible sil- 
icone rubber composition to shrink within the cavity. As shrinkage occurs, separation of the compressible silicone 
rubber from the cavity walls can occur resulting in gaps appearing between the compressible silicone composition and 
the cavity walls. The cavity would thus no longer be gas-tight or electrically insulated. 

[0004] We have now found that If a silicone gel-forming composition is used in Ihe formation of a compressible 
30 silicone composition instead of a prior art silicone rubber-forming composition then the aforementioned advantages of 
the prior art compositions are kept but the disadvantages of compressible silicone rubbers are reduced. 
[0005] According to the present invention there is provided use of a silicone gel-forming composition for providing 
an electrically insulating seal, which silicone gel-forming composition comprises a mixture of organosilicon compounds 
which can crosslink to form a silicone gel and hollow compressible microspheres. 
35 [O0OS] Silicone gels are well known in the art, and are often characterised by their physical properties, as they usually 
have a relatively high flexibility and penetration. For example, US patent number 4,861 ,804 discloses a silicone gel 
composition containing hollow microspheres for use as a shock absorbing material or as a sound and vibration-proof 
material. They tend to beflowable under pressure, have some tackiness and sometimes are self-healing. Such physical 
properties result from the low crosslink density of silicone gels relative to the much higher crosslink densities of other 
40 types of silicone elastomers, such as silicone rubbers. Crosslinkable silicone gel-forming compositions usually com- 
prise a siloxane polymer and organosilicon crosslinker, and an organosilicon crosslinker both having reactive groups 
which allow reaction of the polymer with the crosslinker. The crosslink density the number of reactive groups of the 
siloxane polymer which react with reactive groups of the organosilicon crosslinker. 

[0007] Thus, the aforementioned physical properties of a silicone gel are desirable and may be achieved by control- 
45 Hng the crosslink density to keep it at a suitably low level, and this may be achieved in a number of ways. For example, 
where said organosilicon compounds comprise a siloxane polymer and an organosilicon crosslinker, a low crosslink 
density may be achieved by having an excess of siloxane polymer reactive groups compared to organosilicon crosslink- 
er reactive groups. This ensures that some siloxane polymer reactive groups will always remain un reacted. An orga- 
nosilicon crosslinker reactive group/siloxane polymer reactive group ratio of 0.5/1 to 1/1 is typical for silicone gel for- 
so mation. 

[0008] Another way of achieving a low crosslink density is to have a low total number of reactive groups available 
for crosslinking, i.e. substantially all of the available reactive groups do undergo a crossllnking reaction but are only 
present in sufficient numbers to result in a low crosslink density. For example, the siloxane polymer may have only 
terminal reactive groups together with a relatively high viscosity giving a greater distance between reactive groups, or 
£S the crosslinker may have a reduced number of reactive sites. 

- [0009] A further way of achieving a low crosslink density is to employ a suitable inhibitor or catalyst deactivator to 
inhibit crosslinking from proceeding once a desired crosslink density has been reached. Which particular inhibitor to 
use will depend on the particular crosslinking mechanism in question. Such inhibitors are well known to the skilled 
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person and include acetylenic alcohols, alky! maleates, alkyl fumarates, organic peroxides, sulphoxldes, amines, 
amides, phosphlnes, phosphites, nitriles and oximes. 

[0010] Preferred organosilicon compounds for use in the silicone-gel forming composition according to the present 
invention comprise a siloxane polymer an organosilicon crosslinker, 

[0011] Useful siloxane polymers comprise units of the general formula R a R'b SiC) (4-a-b)/2 (0. wherein R is a monovalent 
hydrocarbon group having up to 16 carbon atoms. R l is a monovalent hydrocarbon or hydrocarbonoxy group, a hydro- 
gen atom or a hydroxy I group, a and b each have a value of from 0 to 3, with the sum of a+b being no more than 3. 
[001 2] Preferably the siloxane polymers are substantially linear polyorganosiloxanes having the general structure (II) 



Si - O - [Si - 0] x - Si - R' (ID 



R 



wherein R and FT have the same meaning as above, and wherein x is an Integer, prelerably having a value of from 10 
20 to 1500. II is particularly preferred thai R denotes an alkyl oraryl group having from 1 to 8 carbon atoms, e.g. melhyl, 
ethyl, propyl, isobutyl, hexyl, phenyl or octyl. More preferably at least 50% of all R groups are methyl groups, most 
preferably substantially all R groups are methyl groups. R" may be an alkoxy group, for example having up to 3 carbon 
atoms, but is preferably selected from an aliphatically unsaturated hydrocarbon group or a hydrogen atom. More pref- 
erably R* denotes an alkenyl group having up to 6 carbon atoms, more preferably vinyl, allyl or hexenyl, suitable for 
25 addition reactions. A mixture of siloxane polymers may be used, for example a mixture ol higher and lower visosity 
polymers, e.g. a first siloxane having a visosity at 25°C of from approximately 500 mm2/s to 2500mm 2 /s and a second 
siloxane having viscosity at 25°C of from 5000mm 2 /s to 50000mm 2 /s. 

[001 3] Organosilicon crosslinkers may be selected from silanes, low molecular weight organosilicon resins and short 
chain organosiloxane polymers. The crosslinker has at least 3 silicon-bonded substituents which are capable of reacting 
so with the silicon-bonded group R' of the polymer described above. Where the group R' is a hydroxyl or alkoxy group, It 
is preferred that the reactive substituents on the organosilicon crosslinker are either alkoxy groups or hydroxyl groups, 
allowing the condensation reaction to occur between Ihe two components according to the genera! reaction scheme 
(III) or (IV), wherein R* denotes an alkyl group: 



Si-OH + HO-Si= =Si-OSi= + HpO (III) 



= Si-OR* + HO-Si^ = SK>Si= + R*-OH . , * (IV) 

[0014] Where the group R' in the polymer Is an alkenyl group, it is preferred that the reactive substituents on the 
organosilicon crosslinker are hydrogen atoms, allowing addition reaction between the organosilicon crosslinker and 
the polyorganosiloxane, according to the general reaction scheme (V), wherein R" is a divalent hydrocarbon group 
and c is 0 or 1. 

sSi-R" 0 CH=CH 2 .+ H-Si^ -* =Si-R" c CH 2 -CH 2 -Si= (V) 

[0015] Alternatively, the group R' in the polymer may be a hydrogen atom and the reactive substituents R* on the 

50 organosilicon crosslinker may be alkenyl groups. 

[0D16] Suitable silanes which may serve as cross-linking organosilicon compounds include alkyltrialkoxy silane, e. 
g. methyltrimethoxy sllane, ethyltrimethoxy silane and methyltrlethoxy silane. Suitable organosilicon resin compounds 
include organosilicon resins consisting mainly of tet afunctional siloxane units ot the formula Si0 4/2 and monofunctiona! 
unils R v R° w Sl0 1/2 , wherein R is as defined above, R° denotes a silicon-bonded substiluenl which may react with R' 

55 as discussed above, v and w each have a value of from 0 to 3, the sum of v+w being 3. Suitable short chain organosi- 
loxane polymers include short chain polyorganosiloxanes having at least 3 silicon-bonded alkoxy, hydroxyl or hydrogen 
atoms per molecule, e.g. trimethylsiloxane end-blocked polymethyihydrosiloxane having up to 20 carbon atoms, te- 
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tramethylcyclotetrasiloxane and silanol end-blocked dimethylsiloxane-methylsilanol copolymers 
[0017] In addition to the siloxane polymers and the organosilicon cross-linking compounds, the silicone qel-formino 
compositions preferably also comprise a suitable catalyst, selected according to the cross-linking mechanism em- 
ployed For silicone gel-forming compositions which are based on curing by condensation (reactions (III) and /IV) 
above), suitable condensation catalysts include tin or titanium based components, e.g. dialkyltin dicarboxy lie acids and 
tetraalkyl trtanates. For the silicone gel-forming compositions which cure by addition reaction (reaction (V) above) it 
orSium t0 3 Gr ° UP Vl " m8ta '" baSed Cata,ys1 ' e - 9 - P ,atinum chloride - or compounds or complexes °* platinum 
[001 8] The preferred organosilicon compounds for use in the silicone-gel forming composition cure via an addition 
reaction. Particularly preferred is a composition which comprises^ polyorganosiloxane having at least 2 silicon-bond- 
ed alkenyl groups per molecule, preferably vinyl, an organosilicon crosslinker having at least 3 silicon-bonded hvdroaen 
atoms and a Group VIII based catalyst. The ratio of these components in the silicone gel-forming composition should 
be such as to ensure a low crosslink density, for example Ihe alkenyl-functional polyorganosiloxane polymer and the 
organosincon cross-linker having silicon-bonded hydrogen atoms are preferably present in a ratio which will ensure 
that at east one alkenyl group IS present per silicon-bonded hydrogen atom, more preferably that the ratio of alkenyl 
grou P s/s,l,con-bonded hydrogen atoms is from 1/1 to 2/1. Preferred organosilicon compounds for use In the silicone 
S?nT,nn ° mP 2 ? lt '"f de 8 flrS ' dimst hylvlnylsi.yl-terminated polydimethylsiloxane having a viscosity of from 
fsnn, %? 1 3 SeC ° nd dimeth y' v ''"y'si'yl-terminated polydimethylsiloxane having a viscosity of from 

£5« T J , mm 31 25 ° C ' ,rime thylsllyl-terminated dimethylmethylhydrogenpolysiloxane and a platinum catalyst 
[0019] The silicone-gel forming composition also comprises hollow compressible microspheres The microspheres 
are expanded hollow bodies of plastic based on thermoplastic organic polymers, for example polyacrylonitriles polv- 
vinyl chlorides polyv nylacetates, polyesters, polycarbonates, poly ethylenes, polystyrenes, polymethylmethacrylates 
polyvinyl alcohols, ethy cellulose, nitrocellulose benzylcellulose, epoxy resins, hydroxypropylmethyLllulose phth J 
late, copolymers or v.nyl ch.onde and vinyl acetate, copolymers of styrene and maleic acid, copolymers of acry.onitX 
and styronc and copolymers of vinylidene chloride and acrylonitrile. Hollow microspheres, methods for their manu- 
<foLT; Q a lnformation coining their properties and uses are described in US Patent Numbers 3 615 972 
3,864,181, 4,006,273, 4,044,176, 4,397,799, 4,513,106, 4,722,943, 4,843,104 and 4 829 094 * d ' 615 ' 972 ' 

[0020] The microspheres preferably have an average diameter of from 10 to 100pm, more preferably from 15 to 
BOpm, and are preferably present in a compressible silicone gel-forming composition in an amount of from 1 to 20% 
th^H ' Tn Pr fL?o , ° 5% ^ W6i9ht SUitab ' e commercia »y «**to microspheres include those sold unde 

[0021] The microspheres may be mixed wrth the organosilicon compounds used in the present invention usino con 
ventiona. mix.ng equipment. The preferred microspheres have a powder-like consistent and cJTZJSe^SS 
hke a fluid into a mixing system. They are also resilient and can withstand high-shear mixing conditions. Met mSng 

Th£ is 15 TTf P r S ^ 'I! 03 *" t0 thS SUrfeCe ° f ,hS SiliC ° ne 9Bl-forming composition due to the Mow deS 
Th,s is called float-out" and can be reduced, for example, by keeping the mixture of microspheres and organosEn 
compounds under mild agitation or by adding a surfactant to the composition organosincon 
[0022] Further additional ingredients which may be included in the silicone gel-forming composition includes fillers 
40 Pr0m0t0rS ' inhibit ° rS ' pi9memS ' dyeftUffS - fkme r6tardantS • and nonionfc Snd 

fj?nl 3 n | ThS silicone 9 e, - formin 9 compositions comprise organosilicon compounds which can crosslink to toon a sil- 
icone gel, as opposed to a s.licone rubber. Silicone gels are often characterised by their physical properties Turt L 
relatively high flex.bilrty and penetration. For example, the compositions of the present invention w Xpteal iv Se a 
penetrat.cn (as measured by the method described in Example below) of from 0.1 to 20mm prefab Iv from 1 to ^ m 

rb,e^t c s re? s ^ 

ESfi H T in : pa " etra " on ° f ,he silicone 9 e '« has been measured by the following method. A blunt head shaft 1 9 5o 
total mass, head 4.8mm by 6.4mm diameter, attached to a Universal penetrometer from Precision Instruments Chi- 
cago I L, was lowered onto a cured silicone gel sample a, room temperature without marking the sample The head 
was then re eased and allowed to penetrate the sample for 5 seconds. The head is then removed f romThe sampfe and 
the depth of the indentation made by the head In the sample was measured and recorded(mm) 
[0025] The silicone gel-forming composition can crosslink at room temperature by allowinq it to stand at room i™ 
perature for 24 hours, although accelerated crosslinking is possible, for example byheatTg* 1 00 £ f or houT 
0026] The inventors have found that compressible silicone gel formed from the silicone gel-forming compositions 

Z Jrl Z BS T '<T'°? ^ Par ! iCU ' ar ^ Uli ' ity adVant39e 1 ° r P,U99in9 CaV,ties - and ■» Particular, dueXe Sh 
die ectnc st ength of the silicone gel, as a filler for high voltage insulators which are exposed to high variations in 

rn^vTeTi?T ra ? f a T' e Tr ° m • 4 °° C t0 +7 °° C - Typfcally - the silicona 9al-form.ng compoS ™ vi 
initially be prepared ,n two parts of substantially equal weight, a first part comprising siloxane polymer, crosslink^ 
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catalyst and microspheres, and a second part comprising siloxane polymer, organosillcon crosslinker and micro- 
spheres. Each part may than be homogenised by conventional means to ensure thorough mixing of the microspheres 
with the organosillcon compounds, and the first and second parts are then mixed together and pumped into the cavity 
to be filled, for example a high voltage insulator. The composition is then allowed to cure as described hereinabove to 
form a silicone gel. An advantage of the present silicone gel over the compressible silicone rubber compositions of the 
prior art is the higher tackiness and flexibility of silicone gels over silicone rubbers. Thus, the compressible silicone gel 
will more effectively engage the cavity walls. A further advantage of the compressible silicone gel is that a cavity can 
be plugged with the silicone gel under pressure, i.e. in a compressed state. As a result, if atmospheric temperature 
decreases, any thermal contraction of the silicone gel within the cavity due to 1he decrease in environmental temper- 
ature will be counteracted by its expansion due to decompression within the cavity. Thus, gaps should not appear 
between the silicone gel and the cavity walls when environmental temperature decreases. This ability to expand as a 
result of decompression within the cavity as environmental temperature decreases is possible due to the particular 
mechanical properties of silicone gel and is not possible with silicone rubber, especially when the material is constructed 
in situ. 

[0027] Other applications for the silicone gel-forming compositions of the first aspect of the present invention include 
encapsulation of electronic and electrical components and devices, sealing and gasketing applications, shock and 
vibration damping and acoustic insulation, cavity encapsulation/insulation, thermal insulation, applications in the con- 
struction industry pressure sensitive adheslves and medical applications. 
[0028] The present Invention will now be described in detail by way of example. 

Example 1 - preparation of silicone gel-forming composition 

[0029] A silicone gel-forming composition was prepared in two parts by mixing together the following organosillcon 
compounds (percentages are by weight unless otherwise indicated and viscosity is given for 25° C) : 



Part A: 75% dimethylvinyl-terminated polydimethylsiloxane, approx. 9000 mm 2 /s; 

20% dimethylvinyl-terminated polydimethylsiloxane, approx. 2000 mm 2 /s; 
4% (30. B vol.%) Dualite M 6050 AE, microspheres, approx. 70ujn diameter 
0.1% Platinum-containing catalyst 
30 Part B: 75% dimethylvinyl-terminated polydimethylsiloxane, approx. 9000 mm 2 /s; 

20% dimethylvinyl-terminated polydimethylsiloxane, approx. 2000 mm 2 /s; 
4% (30.8 vol.%) Dualite M 6050 AE, microspheres, 
approx. 70ujti diameter 

0.75% trimethyl-terminated dimethylmethylhydrogen-siloxane, approx 5 mm 2 /s; 

[0030] Part A and Part B were homogenised, and mixed to form a silicone gel-forming composition having a viscosity 
of approximately 15000mm 2 /s at 25°C and a specific gravity of 0.77g/crn 3 . 



35 
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Example 2 - compressibility and recovery 

[0031] Seven test samples of a silicone gel were prepared from the silicone gel-forming composition described in 
Example 1 above as follows. Cylindrical glass fibre reinforced hollow insulator tubes of approximately 10cm diameter 
and 10cm height were filled with the silicone gel-forming composition described in Example 1 above and left to stand 
at room temperature for 24 hours to give a silicone gel having a penetration of 1mm and a coefficient of thermal 
expansion of approximately 550 ppm/K. The cured silicone gel was then tested for compressibility and recovery by 
applying pressure thereto with a plunger. The tests were performed at room temperature apart from test 7 which was 
performed at minus 40°C. The test results are shown in Table 1 below: 



Table 1 



Test number 


Applied pressure (kPa) 


Pressure exposure 
time (hrs) 


% volume compression 


% volume recovery 


1 


1613 


1 


11.4 


100 


2 


2420 


1.5 


20.3 


100 


3 


2420 


64 


20.0 


95 


4 


1613 


65 


• 10.0 


99.5 



so 
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Table 1 (continued) 



Test number 


Applied pressure (kPa) 


Pressure exposure 
time (hrs) 


% volume compression 


% volume recovery 


5 


10800 


0.17 


29.7 


97 


6 


1350 


110 


10 


96 


7 


2000 


170 


20 


99 
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Example 3 - dielectric properties 
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[0032] The dielectric properties of the silicone gel prepared in Example 1 above were tested as follows. 
[0033] A "Faraday cage" type box was prepared containing two parallel plate electrodes having plane opposing faces 
separated by a measured distance and having connections leading to outside of the box. The plane opposing faces 
of the electrodes provide a uniform electric field therebetween when a potential difference is provided thereacross. 
The box was filled with silicone gel-forming composition of Example 1 above, ensuring that no air gaps were present 
and left to stand at room temperature for 24 hours for the silicone-gel forming composition to crosslink. The electrodes 
were then connected to a high voltage power source and the potential difference increased until dielectric breakdown 
occurred. 

[0034] This test was repeated with one of the plate electrodes replaced by a sharp point electrode to provide a non- 
uniform electric field therebetween when a potential difference is provided between the plate and the point. 
[0035] The results of the above tests for uniform and non-uniform electric fields and different separations are given 
in Table 2 below. 



2B 



30 



Table 2 





Distance (mm) 


Breakdown voltage. 


Uniform field 


2.5 


50,000 




5.0 


ao,ooo 


Non-uniform field 


3.0 


18,000 




5.0 


32,000 



35 



[0036] Afurthertest was performed to measure the dielectric properties of thesllicone gel overtime. Boxes containing 
parallel plate electrodes were filled with silicone gel as described above and a constant voltage was applied between 
the electrodes The time taken for dielectric breakdown to occur was measured, and the results are given in Table 3 
below. 



45 



Table 3 



Applied Voltage (kV) 


Time elapsed at breakdown (s) 


27.5 


34459 


33 


10790 . _ 



Claims 



so 



1. Use of a silicone gel-forming composition for providing an electrically insulating seal, which silicone gel-forming 
composition comprises a mixture of organosilicon compounds which can crosslink to form a silicone gel arid hollow 
compressible microspheres. 



2. - Use according to claim 1 wherein the silicone gel-forming composition is used as a filler in a high voltage insulator. 
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